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FOREWORD

The test described in this document is designated SNPO-C,
GTR-18. This is the twenty-first in a series of NERVA irra-
diation tests performed st the Nuclear Aerospace Resezrch
Facility (NARF) of the For: Worth Division of General Dynamics
Corporation for the Space Nuclear Propulsion Office, Cleveland,
Ohio (SNPO-C). The 3-i= “round Tes* Rezccor (GTR) and the
10-Mw Aercspace Systecs Test Reactor (ASTR) are beir- used
for these tests. Previous component tests were performed
‘mder Contract AF33(657)-7201 and AF29(6C1)-6213 and are
rezortec in NARF Rerorts FZK-170, Vols. 1 through 8, and
FZK-184, Vols. 1 through 6, respectively.

¢ matarials test was also perfnrmec during this twenty-
first NERVA irradiation test. This woi.n is reported in Volume Z
of this series.

The test reported in this document was sponsored by the
Aernje.-Ceneral Corporation and performed under Contract

AF29 (€601 -7C77.
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SUMMARY

The fifteenth in the series cof irradiation tests using
the Ground Test Re=cfor at the Nuclear Aerospace Research Facil-
ity (NARF) to determine the effects of reactor radiatiun on
candidate NERVA components and materials was concluded on
2 Ju.y 1966. The test was designated GTR 18. Tkc test item
was resistance temperature transducers. A measurement of the
conversion of parahydrogen to orthohydrogen was also made.

The test conditions and subsequent results are described
briefly lelow.

Resistance Temperature Transducers (RTT's)

Twenty RTT's with various shielding configurations covering
tueir platinum elements were irradiated while submerged in

liquid hydrogen. They were exposed to integrated neutron

16 16

fluxes ranging from 1.50 x 107 to 1.92 x 10 n/cm2 (E>2.9 Mev)

11

and gamma doses ranging from 1.8 x 10 to 2.3 x 1011 ergs/gm(C).

The average maximum temperature deviation, taken with the reactor

retracted, for each iype of RIT was as follows:
No. Avg Temp

Type RTT Shielding Irradiated Devistion (°R)
Rosemount 134EBT 86 Cadmium 2 1.37
Rosewount 134EB186 Hafaium 2 1.32
Rosemouni. 134EB186 Hafnium-Cadmium 3 1.42
Ressmount 134EB186 Stainless 5Steel 2 1.46
Rosemount 134EB186 None 2 1.52
Rosemoun* 134EB1X None 2 1.48
Rosemounrt 134EB2X None 2 1.40
Rosemouvn. i27CJ None 2 1.24



No. Avg Temp

Type RTT Shielding Irradiatad Deviation (°R)
Rosemount 134EB250 None 1 1.58
Rosemount 1!0AA Ncae 1 4.57
Temtech 1881-2 None 1 Not Computed

A definite “Zzcrease in temperature deviation for all the
RTT's one (ifth of the way through the test can be attributed
to lcss of LH2 flow over a 3-hr period.

Conversion of Parahydrogen to Orthohydrogen

A maximum of 37 conversion of parahydrogen to orthohydrogen
was measured at the steady state. The conversion was observed
c0 be related to nuclear radiation, and the mechanism app ars

to be associated with the liquid as well as the gas phase.
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I. INTRODUCTION

A series of tests is being performed at the Nuclear
Aerospac' Research Facility (NARF) of General Dyramics, Fort
Worth Division, to determine the effects of nuclear radiation
on components and materials proposed for use in the NEKVA
sngins. Aerojet-General Corporation has prime responsibility
for development of the NERVA engine,

This report der.s with the fitfteenth irradiation, desig-
nated GTR-'3, of the series performed with the Ground Test
Reactor (GTR). This test was performed in accordance with
test specifications submitted by Aercjet-General Corporation
(AGC). Azusa, California (Ref. 1). The test components
were furnizhed by AGC and Los Alamos Scientific Latoratory
(LASL). The parshydrogen-orthohydrogen gas analysis system
was furnicehed by the N-tional Bureau of Standards (NBS).

This report is divided into two parts. 7The first part
deals with 20 resistance temperature transducers (RTT): the
second, with the measurement of the para-ortho composition of

hydrogen gas evolved irom the liquid during the irradiation.
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IT. EXPERIMENTAL ARRANGEMENT

In the GTR Raciatior.-Elfects Tasting System at NARF, com-
pcnents can be plac~a on iv2st pallets or in controlled environ-
mental cha~lc¢rs and positioned on the north, east, or west
sides ¢I the reactor. Photographs and a brief descriptio
of this facility ~re included in Apperdix A. A mcre complete
description may e found in Refersnce 2.

The east irradiation position was utilized “n this experi-
ment. An AGC-designed hydrogen dewar installied in that posi-
tion contained the Ril's in a liquid-kvdrogen (LH:) environ»ent
and prcovided the source cf irradiated hydrogen ifor the carahydrogen-
to-orthchydragen couversion measurement. The RTT test
assembly was connz. .ed to instrumentation (Figs. 2-1, 2-2,
and 2-3) in the centrol room by means of electrical harnesses
and oneuma.ic lines approximately 120 ft long. The layout of
the RTT box is shcwn in Figures 2-4 and 2-5.

The liquid-hydrogen test ascambly that contained the 29
RTT's iz shown in Figure 2-6. The uvpper portion cf the assen-
bly was enclosed ia a shroud that was purges continuously with
helium gas floving at a rate of 0.5 cfm. This upper portion
is shown with :he shroud removed in Fig. 2-7. 7Tve lower
portion consists of a sealed fixture attached %o metal pipes
welded to the undersicde of the shroud plate. Instrumentac.on

harnesses pass through the pipes to the RTT's mounted inside



the fixture The RIT's extended outward inin the iH; ccn-
tainer and were :crled tc the fixture with K-sea.s. The RIT
test fixture is showr in figure 2-8.

The shroud exhaust was routed through a chesck valve st
the tsg of the shroud and vented rhrough a vent siack iocated
at the rcorth end of the faciiity. A burst Jisc was incorporated
ix the dewar and ported tc the shroud exhaust for veuting out
of the pcoi. Normal rvdrogen exhaust was vented from the
dewir to the ASTR burn stack. Tne pertion of exhaust veguired
focr the conversion messurement was tapped off this msin ex-
haust system (Fig. 4-z) and run to the Effiuent Hydrogen Gas
Analysis Setup, sacwn in rFigure 2-9. All exhaust fittings and
the burst disc was enclcsed i the shroud. Liguid hydrogen
was supp.ied tc the Jdowar through a vacuum-insulated, fiexibiea
transfer iine Ail e.&ccricai wiring was routza out of the
dewar and shroud by means of hermetic conmnectors.

A 11quid level system was incorporated tc continvousiy
monitor and conirol the iiquid level in the dewar A probeo
consisting of seven resistors anrd three thermocouples was used
with an indicator panel which indicated the liquid leve: in
the dewar. The three thermocouples were used in conjunction
with Bristoi controli units tc contrcl the level in the dewar
and to read out the temperature inside the dewar during “arm-uy

Standard dosimetry techniques were used in measuring thke
integrated neutrcn f.uxes and gamma doses to which t... test

4



itens were exposed. The applicatien of these techmicues in
detornining the redistion expeswre is diecussed im Avzendix B.

During the irredistiss, it wes discovered that severai of
the RIT's hed shbasruslly high resistance resdisgs at 3-Mv
power level as a resuit of game heating. A precedure of re-
tracting the reactsr every 6 hr wes isitiated to provide cats
wnaffected by gamms hesting. Nelf way through the test, this
period of retractisa was changed to sms every § hr. After
approximately 500 Mw-hr, the retractioans were halted iliogether
because of problems with the resctor trsversisg mechenis- .

The data plotted for RIT's were takea omly durismg the
periods whea the reector was retracted.
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I1I., RESISTANCE TEMPERATURE TRANSDUCE™

3.1 Experimental Procedure

Before the test setup was moved to the reactor area, data
were recorded at room temperature, ice terperature, and liduid-
nitrogen (LNj) temperature with the same harness and instrumen-
tation that would be used in the test. This procedur~ was
r.-peated after the test setup was moved to the reactor area.

After irradiation wes started, data cycles were taken with
the reactor level at 1 Mw, again at 2 Mw, and finaily at 3 Mw,

3.2 Test Method

Data were obtained from 20 resistance temperature trans-
ducers (RTT's) during the irradiation. These components are
listed in Table 3-1.

The test components were held at LH7 temperature during the
600-Mw-hr irradiation by maintainiung the LHs lzvel above the
upper-most test component,

An AGC-furnished calibration panel - F/N 248428 - was used
to connect the RTT's to a regulated 150-vdc powzr supply and to
the digital data-acquisition system (Dymec 2010-D). A constant
current was passed through each RIT and the voltage drop across
each unit was measured, thus allowing the resistance of each
unit to be determined., Adjustr-nt of the calibration circuit

for the RTT's was performed by mrnitoring the voltage across

15



the calibration resistor and adjusting the voltage to pre-specified
values (Fig. 3-1).

The RTIT and celibration resistor outputs werz recorded om
punched and printed tape. Adjustments were made as needed to
maintain a constaat current through each RTT. A block diagram
for the RIT test is shown in Figure 3-2.

Prior to irradiation, i(he test components were submerged
in 182 the excitation currents were adjusted, and 10 test cycles
were wade. These da’a yielded the vecessary informstion for
establishing the base-line data utilized 1o determine reference
temperature and resistances for each RIT (see Sectiom 3.3).

Dats were gathered at reactor power levels of 1, 2, and
3 Mv. Data were gathered throughout the 3-Mw irradiation period
at l-hr intervils and for several hours after reactor shutdcwn.

Since the temperature of LH, is pressure-seunsitive, the
vepor pressure sbove the liquid was measured. To do this, a
CEC Type 4-312-0002 pressure transducer of range +5 psid was
used, along with an absolute barometric dial gage indicator.
These pressures were used to determine the actual temperature
for comparison with the temperatures indicated by the test
items (see Section 3.3).

3.3 Data Presentation

A thorough analysis of all the data is not attempted in this

report. Computer reduction of the dat- is tring performed

1



Table 3-1

Resistance Temperature Transducers

| i Loca-
-~p! Pro- tion in {Constant .
:;‘ : vtded Se;:fl Type* ::t::::?z Mount- |Current
i by ing (wa)
i Penc)
1 g AGC 8927 i3%EB186 | Cadaium 10 4.5
2 AGC 12333 134ER186 | Cadmium 12 4.5
3 1 AGC 6317 1X4EB186 | Rafanium-Cadmium 7 4.5
& . AGC 12330 134EB186 Hafnium-Cadaium 15 4.5
b ; AGC 4092 134EB18¢ Rafaium 1 4.5
6 ’ AGC 12340 134EB186 | Hafnium 21 4.5
71 AGC | 4096 |134EB18E | None 9 4.5
8 ; AGC 4096 134EB186 | Stainless-Steel 18 4.5
9 ! AGC 4104 134EB186 | None 3 4.5
10 3 AGL, 6319 134EB186 Staicless-Steel 4 4.5
al AGC 736> 134EB186 Hafnium-Cadmium 11 4.5
12 i AGC 5372%k } 134EB1X None S 1
13 AGC 9371%% | 134EB2X None 13 1
14 AGC 9370** | ;1 34EB2X None 14 1
15 LASL 1667 137C) Noune 16 10
16 : LASL 1666 137C) None 6 10
17 | 1LASL | 6149 |1881-2 None 20 1
18 AGC 4107%* | 134EB250 | None 17 1
19 AGC 211%%* | 110AA Nomne 8 1
20 AGC 9373%% | 134ERIX None 19 1
i

*All are Eosemount except RIT No. 17 (S/F 6149), which is Temtech.

**Previously irradiated in GTR Test 15 (Ref. 3).

17




at AGC snd final results are not yet available. Therefore, the
data presented here represents orly a small portion of the total
data. However, an effort was made to choose representative
points, 20 that the curves presented here will closely resemble
the finalized computer results.

The temperature deviation of the RIT's - chat is, the
difference betweeu the indicated temperature of the RIT's and
the actual temperature of the LH

2
radiation exposure in megawatt-hours and neutron aud gamma flux

- is plotted as a function of

in Figures 3-3 through 3-22. The dose-rate effect of the RIT's
was eliminated by plotiing only the data taken with the reactor
retracted. The temperature deviation at 600 Mw-hr for the
134EB RTT's ranged froa 1.2° to 1.6°R. Amcng the previously
irradiated RTT's, the 110AA had the highest temperature devia-
tion at 600 Mw-hr, namely, 4.6°R. Since one of the LASL
supplied transducers - Temtech S/N 6149 - did not have suffi-
ci:nt calibration inforsation supplied with it to calculate
temperatur2 deviation, its plot is shown in terms of per.ent
resistance change vs radiation exposure (Fig. 3-19).

Appendix C contains the resctor log for the irradiation.

The temperature deviation, Tp, is given as

Tp = Ty - Ty

where Ty is the temperature indicated by the RTT's and Tp

the actual temperature of the LHz, or reference temperature.

18



3.3.1 Indicated Temperature

The slope of each RIT was determined from initial calibrations
of the RIT's in LH, and 1liquid neon. An analysis of the test Jlaca
showed that in every case the temperature indicated by th~ RIT's
was higher than the preirradiation temperature, which was 36.3685°2,

The slope

is slightly different for each RIT, even though many of the RTIT's
are of the same type.
Rearranging the slope equation gives
T; = m(R - Rp) + Tp
-SL R -Rp) + T,
where Tp = 36.3685°R: and R is the RIT resistance, RP is the
preirradiation resistance for each RIT, and Rp and 9T giffer for

dR
each RTT, as shown in Table 3-2.

3.3.2 _Reference Temperature

The reference t>mperature is tie temperature of the LH,
surrounding the RTT's. W:{th the assumption that the parahydrogen
is at its boiling poirt thruughout its v~luwe, the reference

temperature can be determined as a function of the dewar pressure.

19



Table 3-2

dar
.P and a-for Each RIT

- &

RIT L (ohms) a& (°R/chm)
1 6.5118 ; 1.0588
y, 6.7641 1.1803
3 6.5522 1.1438
4 6.7094 1.1706
5 6.5654 1.1537
6 6.7039 1.1659
7 6.7558 1.1579
8 6.7280 1.1557
9 6.6731 1.1440
10 6.6440 1.1473
11 6.4738 1.1541
12 3.3100 2.4576
13 0.6389 1.1977
14 0.6120 10. 620
15 0.2164 24.100
16 0.2171 24.117
17 1.0890 *

18 7.7296 1.1564
19 3.1999 3.7574
20 3.0897 2.3780

*Sufficient data not available to evaluate g; for this RIT.

20



From the experimentsl dats, i2 was observed that the absolrvte
pressure of the hydrogen (dewar pressure plus atmospheric preswure)
varied by a few tenths of & pound, sround 14.4 psis. From
Yeierence & it was found that the slope of the vapor-pressure

curve for pesrahyérugen in the neighborhood of the sbsolute pressure
of the hydrogen was

.- g- - .41916%/pst.

From Reference &4 it was slso found that the temperature of pava-
hydrogen at 1).54 psis is 3¢°R. This point is tsken as refersuce,
so that the equation for the slope of the vapor-pressure curve

in this restricted range csn be written as

aex-Tp
P -2,

vhere a = 0.41916
To - 36°.
Po = 13.54 psi

Rearranging the equation gives

TR - .(P - Po) + To
or

Tp = .41916 (P - 13,54) + 36.

21



In this equation, P is the total pressure on the dewar

P = Poemospheric * Pdewar
where Patlospheric = (barometric-gage reading, or B in.-Hg) x (constant)
e (B in.-Hg) x (.49116 psi/in. -Hg)
and Pyoyar = (Pressure-transducer output, or Py, wv) x (calibration

factor of transducer)

= (P, av) x (.45475 psi/uv)

Thus the correct temperature of the LH, at any particular time is
Ty = .41916  (B)[(.49116) + (B,) (.45475) - 13.54] + 36

3.4 Disgcussion

The initial calibration cycle run at ice-bath and LNy tem-
wratures indicated that resistance values for several of the
RTT s were not as predicted by their calibration curves. It was
found that four of the shielded RIT's (S/N's 6320, 6317, 8929, and
6576) had low resistance readings from element to case at room tem-
perature. These four, along with eight others that were apparently
good, were sent to AGC for anaivsis. All but two of the RTIT's were
returned to NARF for reinstallacio. The twc that were not returned
were S/N's 8929 (hafnium-cadmium shielding) and 6576 (hafnium

shielding). Also, €./ 9991 was deleted from the test in order to

22



add another shielded RTT. S/N 6320 (cadmium shielding) was not
reinstalled.

After reinstallation of the RIT's, the ice-bath and le cali-
bration cycle was again made and data recorded. These data showed
that S/N's 6317 and 211 had bad resistance readings for the ice-
bath and le temperature cycles and that S/N 12330, which was one
of the replacement RIT's (hafnium-cadmium costing), had a low
resistance reading for the ic2-bath cycle but a good reading at an
temperatures. The decision was made to continue with the test.

The subsequent preirradiation LH, cycles failed to show any problems
with any of the RIT's.

The irradiation began at 23:54 on 22 June with an initial step
to 1 Mw, The 1-Mw step was held for approximately 30 min and was
followed by a step to 2-Mw for approximately 30 min. The reactor
power was then increased to 3 Mw, and a routine data schedule of
three data cycles per hour was initiated. When inspection of the
data taken at 3 Mw revealed that periodic interruptions of the
irradiation would be required to obtain zero dose-rate readings,
6-hr intervals (changedto 4-hr intervals half way througa the
test) wer- icheduled. The interruptions were accomplished by
retracting the GTR from the closet for the period of time required

to obtain a data cycle.
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A problem with liquid-hydrogen supply was encountered early
in the test. Sirce the initial LH, trailer had experienced o
great deal of boil-off before the test started, a8 routine trailer
change was made on 23 June. When it beceme aspparent that the use
mte from the second trailer was higher than expected, an attempt
was made to expedite the schedule of another LH, trailer; but no
trailers could be scheduled to the Fort Worth Division in time to
prevent loss of cryogen at the use rate being experieaced with
the reactor at power. A meeting of A-C and Fort Worth Division
personnel was then held, and the decision was mede to shut down
the reactor in order to minimize the use rate and thereby maintain
the RIT's in LH, until a replacement trailer arrived. Because
transportation involved factors bevond local coantrol, the replace-
ment trailer did not arrive until 3 h: after the trailer in use
was depleted. Da’a was tskea during the 3-hr warm-up. When the
replacement trailer was installed and liquid hydrogen reintroduced,
a calibration data cycle of the RTT's was obtained and the irra-
diation was resumed at approximately 2400 hours on 25 Junme.

After resumption of the irradiation, the .estc proceeced
routinely until 30 June. On that date, & routine LHj trailer
change resulted in the LHj level dropping below the RTi's for a
period of 1 min. This drop was due tc a leak in the vacuum jacket

of a LHy transfer line.
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On 1 July - 34 hr before the scheduled completion of the test -
problems began to occur with the GIR traversing mechanism during
the scheduled retractions. The possibility that the mechanism
might fail with the GIR retracted could not be discounted and the
remaining scheduled retractions were cancelled.

Upon completion of the 600 Me-hr of irradiation, the reactor
wvas retracted and shut down. The LH, level was maintained for 2
hr after reactor shutdown. During this time, data were taken at
the rate of 1 cycle every 5 min for the first hour and 1 cycle
every 10 min for the second hour. Then the I.ll2 supply was shut
off. After the liquid in the dewar had been depleted, warm-up was
initiated by passing hot GN2 through the dewar. During the warm-up,
data were taken 1 cycle every 15 min. Maximum temperature inside

the dewar was approximately 90°cC.
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NPC 24,376

R 10K R,

RTT

Figure 3-1 RTT Calibration Circuit
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NPC 21,416
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IV. PARAHYDROGEN-ORTHOHYDROGEN CONVERSION

4.1 Purpose

A measurement of the para-ortho composition of effluent hydrc-
gen gas from the liquid-hydrogen irradiation portion (RTT test)
of GTR 18 was undertaken. The purpose of this effort was to
attempt to detect radiation-induced composition changes and thereby
gain scme insight into the effects of reactor radiations on liquid
and/or gaseous hydrogen.

The measurement was made with an Apogee Development Corporation
Apogee General Purpose Gas Analysis System (AGPGAS), loaned to
General Dynamics for this purpose by the National Bureau of
Stancdards (NBS).

4.2 Pigcussion

The hycdrogen atom, simplest of all the elemernics, is composed
of a nucleus, consisting vf one proton, and one orbiting electron.
Both the nucleus and the clectron are free tc spin in either di-
rection; hence, four configurations of the atox are possible.
However, to form the diatomic molecule, only those atoms having
opposite electron spin are free to combine. Thus, the four
atomic configurations can combine in such a way as to produce only
two molecular configurations: one in which the spins of the two
nuclei are parallel, called orthohydrogen and one in which the

spins are anti-parallel, called parahydrogen.
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The nuclear spins of the molecules contribute to the total
rotational energy of the molecule, which exists at discrete levels
denoted by the rotational quantum number J. Either modification
(orthohydrogen or parahydroger) canm exist in a number of different
excited states correspouding to increasing values of J; but the
para modification is restricted to the even rotational quantum
nuabers, and the ortho wmodification is confined to the odd
quantum mumbers. At temperatures below about 80°K, almost all
molecules are in the ground state, i.e., the energy levels re-
presented by J=0 for parahydrogen and J=1 for orthohydrogen.
Between these two lowest levels, the energy gap is about 339
cal/mole (about 0.015 ev/molecule).

A definite equilibrium ratio, 8, between the ortho and para
fractions of hydrogen gas exists for any given gas temperature.

Farkas (Ref. 7) gives the following expression for

-J(J + 1)B/KT
Y (23 + 1)e

B.P-Hz = J = even (1)
J = odd

where J = rotational energy level = 0, 1, 2, 3, ...

2 2

21

R=

4 = Planck constant <+ 2¢

I = moment of inertia of the molecule
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K = Boltzmann constant

T = absolute temperature

From Equation 1, it can be geen that at higher temperatures g
approaches the limiting ratio 1:3. This also is essentially the
ratio obtained at room temperature; hence, the term "normal
hydrogen" has come to be used to describe hydrogen composed of 25%
parahydrogen and 757 orthohydrogen. Correspondingly, the term
"equilibrium hydrogen" is used to specify hydrogen in which the
two modifications are in equilibrium at some temperature, usually
other than room temperature.

In general, the equilibrium conditions described by Equation 1
are not obtained without catalysis, because of the very slow reac-
tion rates involved. For instance, ortho-para coanversion by
radiation emission has been estimated at about one tramsition in
300 years, and transition by collision has been estimated as having
a half-life of three years (Ref. 7). Parahydrogen, free from
contaminants, is a very stable gas and can be stored for weeks
at room tempervature without conversion. Although the molecules
will be excited above the ground state (in conformance with
Equation 1), only the even quantum levels will be populated.

There are two basic methods by which ortho-para transitions
may be induced:

1. Forcin: 3izsassociation of the molecule so that the freed
it atoms can recombine.
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2. Causing the hydrogen molecule to come into sufficiently
close proximity to the magnetic field of a paramagnetic
substance so as to suffer a spin reversal of one of the
protons. A spin reversal of either proton is tantamount
to conversion,

Both methods are of interest to this test because either can

be an effect of exposure to ionizing radiation.

The energy deposited in liquid hydrogen by nuclear radiation
is initially transferred to scattered electrons in the case of
ganma radiation and recoil protons in the case of neutron radia-
tion. As these charged particles pass through the liquid, approx-
imately equal amounts of energy go into the production of H atom
pairs and H2 ions, wvhich in turn cause further disassociation,
ionization, and excitation. Carter estimates that about 437 of
the deposited energy is temporarily stored in the production of
such species, the remainder being given up almost immediately as
heat (Ref. 3}.

Becwuce conversion from parahydrogen to orthohydrogen can
have a delcterizua effect on the performance of & nuclear rocket
of the NERVA type, if becomes of importance to investigate the
degree of conversion that occurs when liquid hydrogen is exposed

to radiation fror a nuclear reactor.

4.3 Experimental Setup

4.3.1 Gas Analyzer
The AGPGAS (Fig. 4-1) operates by comparing the thermal conductivity

of a sample stream of hydrogen gas with that of a stream of hydrogen
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gas having a known parahydrogen concentration. This is accom-
plished by comparing the resistance of four gas-stream-exposed
filaments connected as the four arms of a Wheatstone bridge. The
filament temperatures and, theref.ve, the resistances are related
to the thermal conductivities of the gasses passing over them.

An exactly linear relationship has been shown to exist between
parshydrogen concentration and thermal conductivity of hydrogen;
therefore, a measurement of filament resistance constitutes a
measurement of parshydrogen concentration. The method is origin-
ally due to Farkas (Ref. 7). The AGPGAS itself is modeled after
a refinement developed at NBS, described in References 9 and 10.

4.3.2 Sample System

Sample gas for analysis was obtained from the effluent of
the AGC dewar used for the RIT test. Orthohydrogen concentratiou
of the dewar supply was 3%.

A secoudary loop of %-in. copper tubing was tarped into the
stationary dewar exhaust system at a point 40 ft downstream from
the dewar, routed into and out of the reactoar ccatrol room via
the water-filled access window, and returned to the stationary
exhaust system 40 ft downstream of the take-off point. A tertiary
loop of 1/8-in. copper tubing was used to extract from the second-
ary loop the small quantity needed to supply the analyzer. The
purposc of the system was to deliver irradiated hydrogen to the

analyzer in as short a time as possible after it was exhausted from

53



the dewar. A schematic showing details of the system is shown
in Figure 4.2

At equilibrium, LHy use rate (at 3-Mw reactor power) averaged
94 gal/hr. ULiquid capacity of the dewar is about 30 gal, controlled
tc plus or minus 1 gal, and ullage is also about 30 gal. On the
average, then, the hydrogen had an irradiation history of 19 min
as a liquid and 22 sec as a gas.

Between the secondary-loop take-off point and the dewar, the
exhaust line is 3/4-in. ID flexible stainless-steel pipe. At a
use rate of 94 liquid gallons per hour the maximum residence of
the effluent is 2 sec in the portion of the pipe between the dewar
and the secondary take-off point.

After entering the secondary, the gas traverses 60 fr of %-in,
OD cepper tubing before entering the tertiary loop. Minimum
residence time in this part of the system is calculated as 5% sec.

After entering the tertiary loop of 1/8-in. copper tubing,
the effluent has, at most, 10 ft to traverse to the sensitive
volume of the analyzer. At the recommended operating rate of
150 cm3/m1n, the maximum residence in the tertiary loop, including
the analiyzer itself, is 2.5 sec.

The total system is thus capable of delivering effluent to
the sensitive volume of the analyzer within 10 sec (2 sec + 5.5)

sec + 2.5 sec) after leaving the radiation field.
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Except for brief periods at startup (38 min @ 1 Mw and 34
min @ 2 Mw), the reactor was operated at 3-Mw thermal power through-
out the test. The average corresponding exposure dose rate for
the liquid hydrogen was 2 x 10° ergs/gm(C) hr, and the average
neutron flux (neutrons of energy greater than 2.9 Mev) was
2.4 x 1011 n/cm2 sec. The diagram below summarizes a sample his-

tory from introduction into the dewar until the measuremen: was

made.
Liquid Gas 3/4-in. Exhaust ¥-in. Secorndaryll 1/8-in. |
(19 min) (23 sec) (2 sec) (5% sec) Tertiary

(2% sec)!

\\\\-—-Dewar \\\\\\\\‘\\\____Sample System

No Irradiation

DR(avg) = 2 x 109 EIgs
gm(C) hr

@ (avg) = 2.4 x 101! n/cm2 sec

Briefly, the AGPGAS w.s put ''on stream”" as soon as LH2 was
admitted to the system, and was coitinuously monitoring the effluent
throughout the course of the test except during periods when the
system was unattended. During those periods, bottled hydrogen gas
was put through the analyzer in order to prevent bridge-element

burnup. This procedure permitted bridge power to be left on at

all times, and measurement could be resumed by merely valving bottle

gas off and effluent gas or.
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The RIT test-plan called for periodic reactor retractioas
and LHZ flow terminations, whick it was hoped would also prove
valuable to the conversion measurement. This did not turm out
to be the case, however, because of the very low effluent rate
when the radiation fic¢l4 was simultareously withdrawn with LHZ
flow terminations.

About one-fifth into the test, it wa, necessary to shut down
the reactor for 5 hr in order to counserve LH,. The shutdown ard
the subsequent restart amounted to a repetition of the test,
permitting confirmation of earlier behavior.

4.4 Results

4.4.1 Maximum Conversion

The maximum conversion measured was 3% (97% parghydrogen
reduced to 94%). Losses in the fill line were estimated from
dewar boil-off rate data as 15%. Fill-line losses represent
a diluent; therefore, the actual conversion is believed to be 3%%.

4.4.2 Rise Time

Ortho concentration did not jump to the steady-state level,
but rose slowly with time. There was no discernible increase in
ortho content for the first 80 min. From startup plus 80 min to
startup plus 120 min, the ortho concentration increased %7%. From
startup plus 2 hr to startup plus 5 hr, the ortho increased almost

linearly from 7 to 37, where it stabilized.
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4.4.3 Radiation Dependence

During the 5-br unscheduled reactor sbutdown, the ortho con-
centration returned to the level of the supply (2%). After the
restart, the ortho concentration again climbed 3% to the 6% leve’,

Further indications of this radiation dependence were aprarer:
during the Lﬂz-flow termingt! :n and reactor retract’ons that were
a part of the RTT data-taking procedure; however, the procedure
cycle was of insufficient time (for fear of baring the RTT's)
to obtain definitive results.

4,.4.4 Dewar Charge-Rate Dependencc

During the very high use-rate period immediate.vy rieceding
the unscheduled shutdown, the indicated orthohy ‘cogen conceatra-
tion due to conversion varied between 47 and 1l%. These results

are consistent with estimates tha. the average LH, use rate for

2
this period was about twice normal.

After steady state was reached (at normal Ll-l2 flow rates),
minor fluctuations in ortho concentretion of +.5% maximum were
observed to have the same average period as the pneunatic value
automatically controlling the dewar liquid level.

Cverclargirg the dewar, which yielded a very high flash-off,
caused indicated orthc concentration to approach that of the
suply. When the osercharge was terminated, the indicatiun quickly

(~3 min) returned to the steady-state value.
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4.5 Conclusions

Two findings of this test are believed to be most importamt:

1. There was a significant, measursble iacrease in ortho-
hydrogen concentration - an increase that is demounstrably
related to nuclear radiation.

2. Ti‘s increase seems to be gssocia®ed in some manner with
the liquid phase, although the actval conversion may
cccur only in the ga: phasa.

In conclusion, 1t sppears that radiation-produced species
capable of causing para-to-ortho couversion are inivroduced into
the liquid through interaction of the impinging radiati-a with
the liquid itself, the objects immersed therein, and the wxils
of the containing vessel. These species are reiatively long-
lived and their councentratiocn builds up to some lewvel principally
determined by the half-lives of the species, the radistion inten-
sity, anl the . ~ii-off rete Significant couversioan probably dces
oot occur in the liquid because the ortho energy levels are pro-
hibited by the prevailing temperat:re. The conversion-causing
species are "boiled off,” along with the other coastituents, and

are th~~ able to cause conversion in the higher-temperature-evolved

gas.
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Figure 4-
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Apogee General-Purpose Gas-Analysis System (AGPGAS)
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APPENDIX A

GTR RADIATION EFFECTS TESTING SYSTEM

The GTR Radiation Effects Testing System is located in
the Leactcr Operations Area at the north end of the RARF
complex. Figure A-1l is a plsn view gnd Figure A-2 is a cutaway
view of the system. Figure A-3 is a close-up of the irradia-
tion test cell and the reactur tank. During operation, the
reactor is moved {ato the closet-like structure built iato
the north wall of the GIR tark. Items to be irradiated can
be located om the north, east, or vest sides of the closet,
as indicated in the figures.

The reactor closet is counstructed of l-in. glumioum plate
and partially covered by k-in.-thick boral to attenmate thermal
neutrons. The boral extends 36 ir. s2ast and wesc from the
closet, along the tank wall, and 35 in. up and ’~wn from the
horizontal renterline of the reactor cocre. The . :nterlioe is
57 irn. above the test-cell floor.

The Ground Test Reactor (GIR) is a heterogenecus, highiy
enriched, thermal r=actor that utilizes water as neutron mod-
erator and reflector, as radiatio: shielding, and as coolant.
Maximum power generation is 3 Mw. The GIR, in an aluminuma

enclosure to facilitate cooling-water flow, is suspended by
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an open framework that is carried on a horizontal positioning
mechanise at the top of the reactor tank. This mechanisa per-
mits the reactor to be positioned at distsuces ranging from

2 to 87 in from the north face of the closet.

Adjecent to the north wall of the irradiation cell is the
handling area. Equip-nt_per-mtly installed in the handling
area iocludes a General Monitor explosive-mixture detection
system and envirommental conditioning equipment for the GIR
Rediation Effects Testing System.

An {ategral part of the GIR testing racility is the shuttle
system used to move test assemblies into irradiation position.
This systea consists of cable-driven dollies mounted om
three sets of parsilel tracks. The track; extend from the
irradiation positions adjacent to the reactor closet, up an
incline to the north well of the irradiation cell, and to &
loading area on the rawp just north of the handling area. The
system can be operated from either the coatrol room or the
dolly wmotor-drive shed on the north ramp. Full-coverage
televieving of the entire shuttle systea {s provided by means
of closed-circuit television in the control room.

The control room (Fig. A-1) is a below-grade, reinforced
concrete structure adjacent to the GIR system. The comtrol
room provides a shielded area for reactor instrumentation,
control -onsoles, and test systems as well as special cest

equipment needed to conduct radiation experiments.
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APPENDIX B
DOSIMETRY TECHNIQUES AND DATA

B.i Nuclear Measurements

Nuclear measurements were obtained from dosimetry packets
attached near the test components. Each packet counsisted of
8 3- by 3%-in. aluminum plate with the following detectors
attached:

° One sulfoxy pellet for measuring fast-neutron
(E>2.9 Mev) integrated flux;

°* Two phosphorous pellets (one bare, one cadmium-
covered) ior messuring thermal-neutron (E <0.48 ev)
integrated flux; and
* One nitrous-oxide dosimeter for aeasuring gamma dose.
In Section B.3 are presented figures showing the dosimetry
packet locations; unless noted otherwise, the iocations are
viewed from the reactor. The dosimetry readouts for the
packets are given in Table B-1. Table B-2 gives the radiation
exposure for each individual RTT. The values for neutron flux
(E>2.9 Mev) at the RTIT positions were obtained fom the dosim-
etry data contained in Table B-1. The gamsa doses were then
determined using neutron-to-gamma ratios established in pre-
vious experiments and mapping runs. The ratio of neutron flux
with E>1 Mev to that with E >2.9 Mev has been established to

be 2.8; this ratio was used to obtain values for neutron flux

with E>1 Mev, as shown in Table B-2.
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Table B-1
Dosimetry Data (Measured)

0/nal
Packet Ko Integrated Neutron Flux (2/cm®)
E <0,48 ev E>2.9 Mev

1 4.25(16) 2.43(16)

2 4.20(16) 2.60(16)

3 3.79(16) 2.24(16)

4 4.24(16) 2.48(16)

S 4.25(16) 2.60(16)

6 3.79(16) 2.35(16)

7 3.88(16) 2.19(16)

8 3.71(16) 2.64(16)

9 3.32(16) 2.50(16)
10 1.90(16) 5.90(15)
11 1.91(16) 7.68(15)
12 2.24(16) 6.98(1S)
13 1.92(16) 6.58(15)
14 1.96(16) 8.29(15)
15 2.23(16) 8.18(1S5)
16 1.95(16) 6.36(15)
17 2.24(16) 8.18(15)
18 2.43(16) 8.35(15)
19 1.71(16) 4.67(15)
20 1.66(16) 5.96(15)
21 1.89(16) 5.80(15)
22 1.49(16) 4.93(15)
23 1.60(16) 6.04(15)
24 1.65(16) 5.93(15)
25 1.75(16) 4.64(15)
26 1.57(16) 4,.82(15)
27 1.60(16) 4.32(15)
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Table B-2

RTT Exposure
RTT Irtegrated Neutron Flux ("/cmz) Garzan Dose I Pewt
No.| S/N E >1 Mev E>2.9 Mev ergs/gn(C) [E< HBev
v Iy
1 | 8927 5.26(16) 1.88(16) 2.311) S0
2 | 12333 5.24(16) 1.87(16) 2.3(11) 5-“‘\‘,"%
3 | 6317 4.34(16) 1.55(16) 1.9(11) §33 n%
4 | 12330 4.84(16) 1.73(16) 2.1(11) 433 (.
s | 4092 4.34(16) 1.55(16) 1.9(11) 43805
6 | 12360 4.20(16) 1.50(16) 1.8(11) |43
7 | 4094 5.07(16) 1.81(16) 2.2(11) LA
8 | 4096 5.21(16) 1.86(16) 2.3(11) )
9 | 4104 4.98(16) 1.78(16) 2.2(11) ok,
10 | 6319 5.12(16) 1.83(16) 2.2(11)  |§230y)
11 | 7365 5.38(16) 1.92(16) 2.3(11) a0y
12 | 9372 5.04(16) 1.80(16) 2.2(11) ¢ carive
13 | 93711 4.96(16) 1.77(16) 2.2(11) aalie)
14 | 9370 4.48(16) 1.60(16) 1.9(11) 4510
15 | 1667 5.61(16) 1.79(16) 2,2(11) $.06016)
16 | 1666 4.73(16) 1.69(16) 2.1(11) A""";‘,’/‘)
17 | 6149 4.68(16) 1.67(16) 2,0(11) hadis
18 | 4107 5.18(16) 1.85(16) 2.3(11) g3t
19 | 211 4.93(16) 1.76(16) 2.1(11)  |aa4l)
20 | 9373 4.90(16) 1.75(16) 2.111)  f41 11y
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B.1.1 ‘leutromn

The sulfoxy pellets used for fast-neutron mesasurements were
molded from Epon-828 epoxy resin. These pellets were developed
for use in high-flux irradiations and are usable at temperatures
ranging from -423° to +450°F. The resin contains a curing
agent, sulfonyl dianiline, having 12.9% sulfur by weight.

Since the curing agent is bound to the resin in a chemical
reaction, a uniform dispersion of sulfur is ensured.

Standard foil techniques were used in specifying the neutro-
field (Ref. 5). All foils were counted in the NARF Nuclear
Measurements Facility, and the data reduced by an IBM 7090
digital-computer program.

The neucron-iantegrated-flux values appearing in Table B-1
of this report were obtained from readouts of the dosimeter
packets loceted within the dewars.

B.1.2 Gamma

The gamma doses appearing in this report were determined
empiricaily from previous measurements of the neutrun-to-gamsa
ratio for the east position of the GTR for a like configuration
and from the neutron flux measured during this experiment. The
reduction of data for NyO dosimeters used to measure gamma dose
for this experiment is not yet complete, but it is assumed that
gamma doses from the neutron-to-gamma ratio as described above

will compare favorably with the N20 dosimetry readings.
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B.2 Analytical CTR Neutron Spectrun

The neutron spectrum (Ref. 6) of the GIR in a water modera-
tor has been measured to be Maxwellian at thermal energies
(E <C.48 ev), approximately I-:.1 from about 0.5 ev to 0.1 Mev,
and essentially a fission spectrum for higher :ner ‘es. In
Figure B-1, this spectral shape has been mathematically altered
to account for the attentuation of the thermal fl. . by the
boral surrounding the reactor in the dry-pool configuration.

The resulting spectrum has heen shown to represent the actual
spectrum fairly accurately.

Flux measurements have been made in the thermal-, -»;ithermal-,
and fast-aeutron energy ranges by use of a variety of thermal,
resonance, and threshcld detectors. Fast-neutron flux measure-
ments (E> 2.9 Mev) made on the dry side with the boral in
place agree with those made on the wet (tank) side. The
measured thermal flux is in general agreement witn that ob-
tained by integration of the analytical curve shoyn in Figure B-1.

B.3 Dosimetry Data

Twenty-seven dosimetry packets were attached to the vesc
assembly. The locations of these packets are shown in Fixnr.s

-~

B-2 through B-6. The dosimetry readcuts “ - each packet is
given in Teble B-1. The radiation exposure for each individual

RTT is given in Teble B-2.
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|L Reactor j
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" Croup 1

A

RTIT Box
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Dosimetry Packets,
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) GRS, P—,
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P
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Figure B-2 Locatior. of Dosimetry Packets
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Figure B~, Location »f Dosimetry Packets, Groups 1 and 3
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APPENDIX C

EXCERPTS FROM REACTOR OPERATIONS LOG

Date Time Coament

22 Jume 2354 Reactor to 1 Mw

23 Jumne 0032 Reactor retracted
0125 Reactor to 2 Mw
0159 Reactor retracted
0208 Reactor to 3 Mw

The reactor remained at 3 Mw except during periods incidemnt to

the following retractions:

Duration of

D e Time Retracted Retraction (min)
23 June 0317 9

1019 8

1711 5

2303 8
24 June 0593 13

1113 14

1709 27

1809 Reactoxr snut down
25 June (Reactor back to 3 Mw at 2346)
26 June 0604 4

1004 9

1606 6

2202 5

79



27 June

28 June

29 Jure

30 June

1 July

0406
1019
1602
2204
0406
1008
1602
2202
0403
1004
1358
1758
2159
0158
0558
0958
1358
1413
1611
1758
2158
0159
0558

Duration of

Time Retracted Retraction ‘-:l.n)

4

& v 0w SN Ny W

[
W e

36
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Duration of

Dote Time Retracted Retraction (min)
1 July 0958 4
2 July 2031 Shutdown (end of test)
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